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(57) Abstract 

o™,n t ^ r° dU ^ ng a ^?' qua i ity siIicon sin 8 le CI * stal wafer for semiconductor devices by effectively suppressing or preventing 

STteSSS IlirS? * W ^ by , CZ ° Chralsk J m u eth0d With P™ 3 ^ comprising growing a suTcon single crystal rod 
mlt « ! ^ [ 8 CiyStal rcd mt ° a Wafer > heaMreatin g the w afer at 1 100 to 1300 °C in a non-oxidizing atmosphere for 

foZef / ™i h ™ 1 *^** ™ f « " 700 to 1300 *C in an oxidizing atmosphere for more than one minute subsequent to the 
former heat treatment without cooling the wafer below 700 °C. A CZ silicon single crystal wafer is also disclosed. The density of COPs 
having a size of 0.09 urn m a surface portion of the wafer upto a depth of 5 urn is 1.3/cm 2 or less, and the density of COPs having a size of 
0.09 urn in a bulk portion other than the surface portion is higher than that in the surface portion. 



CZS!aot#S^5y'Ja>#8Mr)x^g|^oG r own-in 
* x-^ iZftmfc&mWflTT: 1 1 0 0-1 30 0 o C©S£©&M5I£ 

i »fii±inAfca, 7oo-c*»ffliaftt»*p-r«c:i:&<a«LTa 
fttt#HMTT7 o o-i 3 o o vcDU&vmmmz 1 anjL±inx * * 

©COPmg^l . 3Vcm 2 KTn ft, wEii«S»<;w^"tt 
fciSHT, *&$#0. O9//mW±0COP2gSA s BufB^«gB0C"'O 



A L 

AM 7iV*=.T 

AT tf-xhyr 

au zf—xvryT 

A 2 

HA #X-T • ^/Py^rftT-f 

B B '<;W< 

B E ^<Jl<*r— 

BF ^t'7ry 

BG fiVXVT 

B J 

BR 

BY -<^/U— 

CA 

CF 

CC a>=*- 

CH X/f X 

CI a- h ^r-zp 

cm 

cn «pe 

CR ax* • 
CU 

CY *7ax 
CZ 

D E K-tf 3> 
DK 



DM 
EE 
ES 
F I 
FR 
GA 
GB 
GD 
GE 
GH 
GM 
GN 
GW 
GR 
HR 
HU 
ID 
I E 
I L 
IN 
1 S 
I T 
JP 
KE 
KG 
KP 
KR 



*y 

^v*fy- 

7^^9>K 

-r^yr 
a* 



K2 

lc -fe>h/uvr 

LI !)tf» A ^^> 

lk *y . 

lr y-<yr 
ls h 

LT y KT=>T 

lu z-zy? ivy 

LV 9hV^T 

MA *D'/3 

MC 

MD ^/VYVr 

MG -ryjfXUA, 

ML -ry 

MN *^a*A- 

MR y 

MW 

MX 

NE 

NL 

NO y~/V-^3:~ 

NZ =a-««;-9^K 

PL #-5>K 

PT aK/H**fA< 

RO A*— r—T 



RU o ->T 

SD X-^> 

SE X**-^ 
SG 

SI 7D^xZ7 

SK ^D-y 7 ^7 

SL £/x?.u** 

SN -t*#/P 

SZ 7 7y?VK 

TD **-K 

TG S-rf- 
TJ v 

TZ *>-1f^7 

TM h*? 

TR h/Vn 

tt hy-y^ K • h/<=/ 

UA 9*74-*- 

UG ?*f>^ 

US #S 
UZ 

VN S^^a 

YU a.— =f— 

zw ?>/<7x 



WO 00/12786 



1 



PCT/JP99/04651 



(CZS) (Z J; ^-CHrjjgStifc, C Z2/.U 3 >J&S£S*x-/\#ffl 

. ftKSfilwfcoT, CZ.«it:* DHftf*tl/f>y 3>#»fi + Ctt, ±!3Gr 
own- i nXMtW tf ns, 8SJi!6fi4»fc:S*A<*ftfc8gfcfi&tf £ * 

"C§l*±fcf £ft&#|g|l-efcJ:* rUJgO^-^-f Oh-hty*- (WittKLA/ 
Tencorft^SPl) LT, Crystal Originated 
Particle (COP) UTtfttiiT* * 5. 

7 * * $> 5 n 5 g ;w ^ * * c, a -T 3 $ JR fl( ? © £ « # T % i & % *f tH 



WO 00/12786 PCT/JP99/04651 

2 

i«tfiT 0. 4 5 mm/m i n WT) UTjgg&Hftf $-frft««fclr* 

Ct*«*D6nTH5 (^i¥ 8 - 3 3 0 3 1 6 ^&*#JH) 0 U5#, £©£ 
Sf^^fc, *rfcfcifl«&«*IHI5/ y 3 oTllt5M^-r^i 
&*l481*«i'MU, r^W L < fcfc;**, R3Ji©8?ifci:ttfcS, 

ft^ifctfbi^TJfe. U*, «AAftaft«f£j|EO« 1 . Omm/min 

££s m<Dl5&h LX&nommv^fr-e&tyKx I^fcft3l5©& 1 . Omm/ 
own-in* *" 3 ftRSfb <*ft-tv* S * 

ft, -C^^^-f *fctt*x->*M££M*3S~R + n-mglg©«»Itt£ 

^TJliSS *©«ttrt£fcttSP-V (Peak to Valley) fi*>R 
M S (Root Mean Square Roughness : g ¥ £ «*& $ ) jl il L T M £ *l 



WO 00/12786 PCT/JP99/04651 

3 

ti% •> 'J =3 >^^^^x-y\a^SP©G rown-in*Pi$^f6t)|;fi^^5 

7 .X Lt^x-^CjiDit, R*x-Alc*KfbttSIHi!lTT? 1 1 0 0~ 
1 3 0 0 °C©M©$fcM£ 1 dfil±lDifclft, 7 0 0 °C*^©SJg(z^Jp-r^ 
d £ & < 3^ LT^fbttUHmT-e 7 0 0 ~ 1 3 0 0 "CO ig£©fMa * 1 fl-fil 

C © cfc o (I , i/ U 3 > $ftfil ■> x-;n £ ®££ -f 4 * i£ (I * n T , > a * ? )V x 
^-iSCtotfl^iifc^x-M:, ^libttSHXTt 1 1 0 0 ~ 1 3 0 0 *C 

ffligsciiis i #w±jtax.£&, 700 ^c*»©iagt}ftai-r * c t%<m 
& is-zM{t&mmn.T-z 7 0 0 -uoo °coss©^5aa& 1 ^a±m^ z & 

5 K-rftli, **ft:f/H7f|:Si|i:tfft'>i-;\aiS(5Grown-iii){ 

mmizBmztizmitmtntmwm < ^x-^jp 



WO 00/12786 PCT/JP99/04651 

4 

Huaa^fbtt^HMT-r-cD^toatca; »j ^^^n^^fbaup^ 20-10 

£©£•5 KfiuiEiMbfiSia^cMJIic <fc i) Bl&Z tiZ&ltmm # 2 0 nm 
10 U±?&hli, +friz'y^-j\mM&<DC op Zffi£tz>ztw-c% s loon 

®-f*i$fig££<?-.5ci:#-e£s. 

(dbj&^x-v ^ > v \z & zm&hfr t> v ^ - ^ & m*um-r % z. tft-z % z> 0 

Moms * 3 0 0 nmiUttK tft!ft£ Lio. 

-®<t^t- S£fbt£»B§iT©g*{bMiim; DJ9£ 3 0 0 nmW±0f&g^b 
20 mt^^-B-acttcj; y, #^fbt4#KMT-e©^Ma4fT^ 9 Sjo^j:-^ 

MK^&$M£0/#L£il£-(;:;fcl,>-t ^x-^^ffi© COP £$HbJHj$, 
«IS<D»flS*> y 3 >© y 7 D-3i^(z J; £ $ « $ * -5 £ £; #f § 5©f, J; D 51 

25 1 1 5 0~ 1 0 8 OXHZtiVZtfiSimmz 2 . 3"C/min W±{w|iJ 

#*SH#© 1 1 50-1 0 8 0 °C\Z#V * ftSUBfifc 2 . 3 ^/min tt±fc« 
(9 boojt/#ftitf x G r own- i n>!l8<!)t< X#*'J> Lfci>i-;\t, $ 



WO 00/12786 PCT/JP99/04651 

5 

e. £*%m<DmMm%huz. ztctb. <t k> ®%miz o.^-^mm®<D g r o wn - 

3; Tz HutB^ a * 5 J; o T V □ > ^M*^ Ml" -5 

Grown-in»0*^ X#$'J> b fc x-y\{c\ $ e> £ & cd #ft jfl, g £ 
Jjnx.3fc#K J; •) i^l^i: ^x — ^^Jfg&cD G rown-in^Ui«$,§^ 
10 ItWPZKZZtVX'Z, J; •? iSSoff©^^^ *ffl>> 'J 3 ^ijggt^i- 
a * T- ft 3 C t W X § -5 o 

zom&s mm?- a ? ? )i**-&i,z&-dx'MM$: p-nt->ij3>#gi 
ti>£®i!ihwiz zmmmmz. 1 x 1 o io ~5 x 1 o 

16 atoms/cm 3 (C-r -6 Z k*!$^Ll>, 
15 ctiii, Gr own-i nfcP6fflrtftt^dC»llt'4fc»l:tt; lxio 
10 atoms/cm 3 U ±IZ t Z> <D ft £ L^Ztt. : s V 3 > # CD # « fb © W 
fcfcl^ J; o IZt ZTz&tZtt, 5x10 l5 atoms/cm 3 & T % CD £ L ^ 
Z X & 5 o 

20 m%1&mWlZ^££hZ>mmia&%: 1 8 p pma (JEIDA: B*m?xss 

&mmx-cDmmtiTiii®cDB}$.zffi±T % z t t>x £ §<> 

25 CZJ/iJj^iei^i-A-EfeoT, Mfrf>'J>& < t 5 //ra* X'CDm 

MfcfcHT* *S3#0 . 0 9 i£tintt±0C OP*** 1 . 3 4" /cm 2 JMTT* 
t> BuIBa^gCS:^ < ywi/ ^ gi5{;iJV^Tv ^#^^0. 09^mUiOCOP 



WO 00/12786 PCT/JP99/0465I 

6 

*a©fcB*R8tf *fci&T'J>&^*©i:& iB&Wfttt©fcftfc, XSXOf 
#0. lppmWT-eftD, 2 /zm«©S(^f|«K:*jtf *v-f *D77**#p 

-^^^SP©G r o wn- i n £ jgjtfifc £ i,n ttffijfc u L^*»>x-^o^ 

M££isj±£-ii-3c: i:# T .£3 o c zesg[±wfif©es«>aaa0ii' 
^Sffl^.s«£*ffl»ffla*e{cjt^T^S!i«s±»«siB*i--5c: < , at 

0 2lt £JK09 1 , Jtg0J 1 (CiJ^-c, liHS5©^i-;\0Grown-i 
n fcPfi© * * X 0 P P S tc £ l* T u fc ««BT? » 3 . 



WO 00/12786 PCT/JPW04651 

7 

0 4 B (4, T--;mc4 o JK(fi$ nfcRfbBtff C 0 ?%®.tOM&*m LfcH 
0 5 (4, *»W©m»afc,'tt*©»M©*ft*ftftM*©^a-7 , CH!) 
L 0 1 * £ o 

0 6 14, H3S0IJ3, tt«W3Cfent» $tM&©->i-^gtffl© C 0 Pig 

0714, mmms, ttmm 3 can-Cs nis©^i-;\ii®TZDBg 

08(4, mmm 3 v Jt«M 3 £43tvt* MiltC^i-AiioTDDBI 
S$il^OlI^ 5//raIlLt^©Il0TDDBIn n D$*^lt|-5fe5 o 

eiio(4, nmms, \tmm 5 tint, *^-^t:#Bft;£*Hi§iT-ej!fc«i 
wt, *«ii:oMt? ^KMi-aa*. $^wi±un?. (cn^^tii. *©-e 

(4&^ 0 

^^-^aa*J c tU : gM^©Grown-in^PlS^^M*-5^(4<S®b, 

tx—jw&mnz *iri±$-& a arm-pa *-c t siaiu gg^frs 



WO 00/12786 PCT/JP99/04651 

8 

& 1 . 0 mm/ra i n U±©-lttt&£ArtftttlX "CJ** * * fc * x->\ 
SHftT-CHiaifrffiJi U Grown-in^K^I«$tJ;nt5*©-CJi. 

n- i n*Pi&£ig$;if -£3 2 o © M # ® T- ifc 3 0 -T&:b*> N m&tik 

m&G r o wn- i n ^RS^^ff f 5 © £ JSJf 5 &Pifi © rt^^fbflM©^«?jiS i: , 
< *U3 3I §^ < te^HS/ Un^iasGrown-i n ^Pig© ^JgJUicDro f 

SuIB*^#iamTX-©JliS^5ailt 14, £x-y\&JBS5©Grown-in& 

Wk® Km® it mamma. u^»*^ tj: tia$95cg§5J: 

#X. 5 ft3o Ufr L&#?> t&?Pt3 •> U3>t«tSGrown-i n ^ fi& © £ J* f£ , 
*^#H^T©i^Sift$ftat"{4. £x — 7\giSnfr £> i/ a h+— ^PgT-2&S1§x 

7jcm#HmT-C©g^^MJiT-(4IS^^-> 'J 3 > t «t« G r o wn- 

i nAMoftmmmwmmmizKz *©*:& >k t$(cjag^g-c-y-^x*» 1 5 0 

nm«J:fflGrown-in«ij|«$t5t«ii:iil 2 0 0 "CfcT 5 BSPiSJy. 
±©Kfi • ft^BBOttiaafte&Ki: U&. CCIttt, ">x-y\©^ffitt$jf t 
<fiT***«*»»)-c«i:<, *jR»H^TT ft«ffflfflSSiaJft«ia*^5i:-r5 t 

Kia»«ia*ff dfeto, > u 3 >#^^-^x-M^©®^«faiM&*^«$*t 

U * -5 PolM&fc & -5 0 



WO 00/12786 PCT/JP99/04651 

9 

7 0 0-8 o o °css©ssic^a it* e. #&M*Pcfc ^i-AotoaiL^ 
a -re: *> mm-c$> 

ffittfb b^ffilc^-fr BM<bflil#ff*/&£ HUM;* Lfc S , ^Ifcfe 

ib&13x, tz Ji y ;hj > x & 3 Ha ctif> cd jg^^^#HMT-e 1 1 0 

0 ~ 1 3 0 0 'C©?SJjl:©MiI£ 1 #JW±AD;Lfc&; 7 0 0 °C ©Sg 

»&LTfi8flH<E#|ffl§tT-C700~l 300 "C <D fig © &*ftg £ l 

i*\ £ 6 t-a^ftK^fbt£#Hm~FT-©f&M(cW D 3 d fct j; Ste^Rg 
^>l:<t5Grown-i n ^pi§© £Jgi§*i £ * W fc jfcfr £ * 5 d 

£-t-> *ll©rtg®fb!l©&®iSg£7ki?s£ji$8TI&# (»4%) w±^i 

*#lffl£t<Dttb»H;:;k$£«aTIK# (&4%) ttldt4n#tfttt»^, ft 



WO 00/12786 PCT/JP99/04651 

10 

mkeh-c bykmrnm^y t mwuz, Gr own-i n%.m<DfimMihme>® 

7;^">iiiT-!!ffli i oo~i 30 ovt^dmmmmmxit, ^x-;^ 
$Mbi$#i$-t;i&*£ft $Mt&mffiiz? H)&mMitm%H f 

Hi* LTfc < c: i:* s 5f * L^ 0 £ 6K:7;i/J>4:jasRi:0jg^SlfflSt:i3^t*, 

^:o»fflltt» Grow n.-in^pg0rtg»ftK*3i5dt SIB 
C» 110 0- 1 3 0 0 •Cfflfig.Tf 1 #W±firo d tfc. 

an ^x-^iu^ a 

S £ Kit r -5 & * * 1" 3 . 

£ fcx & R§ ft M 8Mb /£© jg#jfl Jitter IS i/ ^XaSGrown-in*: 
K©%JX£8©*fttt3!gji!S Ltff 5 CI t t UfcOli, ;®2 o03ig©m«L31 
ft*KUTff43«c^»^, l >i-A©iBit(OftTi: < ttiGrown-in*|«© 

§^C<^-5^c ) T-fe3. ^©fe to Grown-i n ^ Rg<z> f*j 3 ft ft R t 



WO 00/12786 PCT/JP99/04651 

11 

5 7 o o °c*M(Dr&mizft&it * z t% < mmvjiz 2 i<D®m<D®mmzfi o z 

ttbtzo 

*bX, *%WX&, G r o w n - i nKm<Dftmmm% , SHbtt^lffiSiT© 
Grown-inJjfiS^SLt, Gr own-in>!B*jS«$f stftc, 

&*>\ zoma&m&ieftizG r own - i nkmzjtmLTmmmtzrztbiz 

It, 1 0 0 0 ~ 1 3 0 0 °CX 1 fttt±ft? Z LtfitfZ L^tK 7 0 0 "C«±t$ 
ti li Grown— i n Pi ® ® >p £ m jSffLft £ ft <• & f§ £ C i: £ £ „ 

^ct-, -©^fbtt^oami: LTti, 7jc^m^#tfsram^^^^^ (dry o 
2 ) i o o %nm%, $> z^tt&mmmtT )U3 > t < itmmtv&Gjjzw. 
m £ mm t %> z t # x- § % „ 

^fr#am©:ii-£, iMbM#;§^£#K 7 o o vmfevttmwi&u 

T'§3 0 ^®{3ff^$tl^^fbJlMttJ:b^95)P < SOI^i-n® 

•••i 

^fbHip*^^^^{ctt N v zyz&xLxkmzmmz-zzz t#x 
zz tit* ^zx^mm^^its uronmizk *) x ^ 



WO 00/12786 PCT/JP99/04651 

12 

7*d>l0 0XSH«T»' 1 2 0 0*0, 4 0dH7--;Hft|H:, ®%® 

fcomftz emm(D7}i3> t&mmmnusuz (®m&&o, 20, 30, 

50, 1 0 0%) -C 2 O^07z-;nft^, ^x-^cDHSjfc 5 /zmSffg bT 
0. 0 9 //m&±© C 0 P £ Lfc|gSI£.*ft.eft|a 4 (A) (B) Jd,^ L£ 0 
5 #mS7f£LfcJlEim, «>xw\3EJi»KJ3tt£ C 0 P <Z> iil ft III g £ & ?- 5 fc 
1214 (A) fC{±, T--;U*H.att»©lft*aifitCOP*i;(OW«fe 

^ u 1 1> d x ii4 (b) iz& s T--)nz&t)]&i££ htzmitmrntcopftg. 

ft*»fl3«tJP 2 0 nmHJitthB, &*5l®ifi 1 0 0 % (ftfbKJP 1 0 Onmi 
i3*ofc, @5tt v 7Jb3>l 00%iHgT> 1 2 0 0 °C, 40»H7 = -^ 

tfc^t, r;i/=f > t&mmm<Dr%'&-tfx (mm^m 3 0 %) t2o^H7r- 

*ti»»IL **1 0 0%*fctt7;i/J> 1 0 0%f 1 2 0 0 *C, 6 Ofrm 

7--^t5Mi<o^ii?nssij^©fa-7t-i 0 £ tmrnm u sms 

$£ V 1 )\><D M £ (is Semiconductor Diagnostics Inc.(SDI)tt^ © „ S P V(Surface 
Photo Voltage) (M£ : x- /\ ^ x * - •> X y- L ) fcflj^fc. 

700-1 30 ovxamitmM-cmmzvzzttt-cz sou, 



WO 00/12786 PCT/JP99/04651 

13 

msr> y n ^u-i/a >^fflifBij$n«fcto> m©cop© 

fcfl£difSi§£fc:H: % b5IB 700~1 30 0 °C T © ^fb j^ffil^ CD f x — a ® 

<It 7i>e>t&.5 0 ^x-^giccOPffll^t-fXIil 0 0~ 

2 0 0 nm-e^f), 3 0 0 n mgfi ©IP $ ©KfbBt £ JBfiRf ft tt , COP£$fb 
JH 4 1 K % S & ^ T- ffi M £ * 3 (7) £ % ft £ £ t- $> Z> o 

^ So 

±a3**W©«lfflS(±, &*©7j(^#BmT©l!ftMt3j±^TG r o wn- i 
*fcfc**£g#© 1. 1 5 0 - 1 0 8 0«Ct45»« ft*ljgft& 2 . 3 °C/min fit 
■fftfc*. G r o wn- i nkmit£&m Z ±V<p(D 1 150-1080 °C© 



WO 00/12786 PCT/JP99/04651 



14 



ffl«*T!* ©**#*g£ 5 fBtotiX^Z. ttot 1 15 0-108 O'COfig 
SfCt'lU^aagS 2 . 3-C/min W±i:M< Li4ll5Bt«< t4C fct 

* s » * n « C t #m to ti ft X » ft ( T.Abe and H.Takeno, 
Mat.Res.Soc.Symp.Proc.Vol.262,3,1992) e d ©»Sttlgi * $*L©»«»g tf, 

CZ«SKJ;0S/-i; 3 >J|HSflftirrt1-**K, M £ K - 7* fttf % Grown 
- i n^lffl/j^i^ i; 3 > Jussive: ft &JnxLT 3 >#SSS * x- 

MiWt*f L*ftMt«*R4»4K&16, BSStttS/ >J 3 > # jig H * x 

#C^Sn5»Jll8S18ppma£lTi:t6:i:*«ffUn, Cfttt, C 
©*3ftfcKa*£i:-rft«, «S»A:»©j«ft*-JUqi«-r«ci:*«tfS % 

•>x-^a»»-e©»s«fai»©ff$fiK*i»jfr4c; 6 
^*SHt;:^j&£ H-7Lfe«^t{±»*|ifttiAJ(igji$n-5©T; % ±!3igfft$gi: 
r scat* t> i >x-Agig|!-c©iitifiiisjffl)f^$iit5;tA!»$ lh. 

t»*»aiafiTf 3> ho-^tscit JH*WKfctisii©5i§±i:rjsasgB.{b 

£i*ft«<fc^. «*H, **«r£05|*±{;T«B*flIlr>&»a % $I6S£SI§± 
fJ8&l. 8ram/mini:Lf;i^tt, Htt©«B7? 1 . 0mm/mintf§| 

s±tffc»£fctt^Tfc#a«ti*<ft.5. *©fBi©*ai: uTttx §i§±{?^ 

B©*-v h 1/ — > i: of tfft**p?jg|i#©ffiB< ftjgSfcgMLT* 1 15 0-1 

o 8 ovxaftMi&gzmmtzz t\t^mx ^. 

^tKrown-i n&pg©*#$ £3 > hD-^tSCfci^l^, c © 

25119 omzmmztixuz * ^^to^sicfcma^. 



WO 00/12786 PCT/JP99/04651 

15 

-7"t5$l:J;ot v ln^/^Sct>(C2iA$lxSG r own - i n ^^oyWkM^M 
tel * Z Z t # X £ z „ 

m m iz & n t z tz #> x $ z t # X t> ti -s. o 

0 10 atoms/cm 3 «1C t 5 (DtfffiL < , «fc 0 » * L < l± 5 x 1 0 ''atoms/cm 4 

a, 

-£s IIISA 1 , •> 'J 3 >#^^4>©ll^Rg#7:$) -5 5 x 1 0 16 atoms/cm 8 
£*i;L£i:, ^ U 3 > i&g^© JjifgSfc*© * ©#IH« £ ft* ®-c x £©jgg£ 

gst, %m&wiz$£t<h%mmmmz, 1 sppma'ttTctsotfifii^, 

i/ ^>«^^Stit5Bii:, ft Signal j££±iB$5B(c{KT£tt 

5£fctt, «63lE*6«ffl$nT^5»iSKJ:nHA^. 0>J;l(£x *@e»© 

M'J>, a #*«©!§ an, ^fflmjE^©fgTs y 3 >.a*©s«»*ij«fcw 



WO 00/12786 PCT/JP99/04651 

16 

M £ # 3 £ © © 7 ;i/ zf >, &3^li£fte>©>g£#x^©#iHbf£#;*f£ 

7to«a©«A£xwNio&«B*ffl^T*iiUK liftaiiGrown- 
3 fx 5 d tx-h -5. 

»=f>fcga©a£#*giaiiT 1 1 0 0 - 1 3 0 0*Cffl)8S-e l#£l±©Hftffl 

asjuufe*. 7 o o-c*»©ajiEk:«>ipr*ci:ft<', ?i^^§^-fb^#s^ 

T 7 0 0~ 1 3 0 0'C©a£?- 1 «-W±»ftt4^R4«*4. 
B0xli©<t9(C, ^gHbtttf*, ft\Z\ZT)Vzi>^ mMs 3>Z^&7)13> £g 

r o wn- i nkM<Dft&mib®&&&&L%%toi z xM% mm %%^ it1s . mt 
ZZt#X-%% < *Zo'i£^X*x.-/sZjFftfrC>ih£iriz^x.-s\1fi7 o o-c 

* si © is^ (c -r a b? (c 3 fit t t t ;i/ zf > n h m * © ^jaa t ^ftnasas £ *r 



WO 00/12786 PCT/JP99/04651 

17 

3l£M£ffifi©i!K©^i!i;tf;*£gALTiHbMJI£fT? 

*S^(iT;urf > tg^©rS^^^^©7j<^^Mf6TPiW (^4%) «± 
£*&n#»fbffi2f;**HI&T-CfT$ &&ft>&&*$Rii©ftft(] l gp&fflv\ 
T*£±£ifcg©»fb&«ia!£fT -5 cti ! -CI§, 

fc£*©ffl£#:*3-©#a{btt»HgTT?©i»flis&?T& o ^i-^aiBt, * 

ibm<DBf$,&^t>«l>Z>® l M®miz J; £ dry»fb«>*j)K&££trwet»fl;fflJ; 
3fc*ft»fb"C* «kn u CVD (Chemical, Vapor Deposit 
ion) SCi^C V D«fblS-e& 4» «fc^. 

r yMIt, &3i»B:*.4&&&3trwe t ^{b© if*. €>£&jIffl1-£c:i:#-t-£, 
*M0*lffe5Grown-i n*p§K fe? i' 'J 3 > 4 & X 1 5 mmRV 

ft £ £ I8sg £ ft ^ © x- Ji & n o 
1 , Jttgffl 1 ) 

C ZffiKJ; 0 % IS2 4-f >*-©5£;i,y#£ s y n > 7 5 k g 

Sft~5 ; l> iSS 8 -f PS, 1 0. 0 IS 1 4ppma (J 

EI DA) ©>'j3>IS B B a #^ ®^5l§±ifMJtT-feS 1 . Omm/min 
#±fcf 1 . 8 mm/m i n f 2 *§| §±tf fc Q £©»»§[ 
S±tf SIS Ttt, 1 1 5 0 ~ 1 0 8 0 "CKfctt 5 fe&S&tf 2.5 °C/min g 

mtttvtzo £ & ±3B2«si©gis±^a«-c, •> u 3 >#«sa»*a*« 

5x10 u atoms/cm 3 £ ft 5 £ o HgfllCliS C-7LT2 §±(f fc„ 



WO 00/12786 PCT/JP99/04651 

18 

--T-^£>ft;fc&st4#©^ 0 zx e>> ^^-y-fcffl^T^x 

f#£ft;fc8tfe©*>Un>iji|SJi£x-./\©Grown-i n ^RlggJS £ SH^t - 
3Zr©£, 7Hr?* (NH.OH) i: i§ {b * iH * (H 2 0 2 ) Rvmm&O 
1:1:1 OOi^tCT, ^x-^£<ggfjft 8 0°CT- 1 B^ffi^U £x-/\ 
IIHLA/Tenc o r?i|SP 1 /i- =r 4 V frMfcmmiZT , ^>fX0. 

1 3 umU±(D C 0 P®m £gt3N Ltzo I^^SSIll^t, 

x-y\ s ss^i #±(7 intent K-7 , ©>>x-/\, isjii^it ±ifiigiis k-7" 
©->x-A0«i(-/jx$ < twtofrz. m~mm<o 

2 tjto"i7x-^©jp^<a^^ t *> ©-e& 3 „ 

££G r o wn- i n«©1f-Y X£)|)£-f OPP (Optica 

1 Precipitate Profiler) JlBlf-f X»SS$ff o£. 

&3iI$Ul7fe© £-AlC:9-8tLT, ^x-^^lisii^c, £©B§lo 
©£-A#*|$££1it2J3 i:fiffi>>7 M^t, & -5-o©e-Ai:©{£tBg#£ 
l>£o C©fefflH$ >>x-^gigjii§^{3 x -r if-KJ; t) itUt 5 C 

kti!)Gr.own-in>5«0lt-fX*jiait5Ci:#tl5. f^ogf £ 

® 2 est. c©e 2 ttSJ^^tife^RS-y-^ x©«*ii£^ Lfc*©-eife5 0 

I22A>£>> OPPaicjjIHGrown-in^Plo^^XIt >lS3l£±J:f 

tfc H-«»© 2tt©«>x-^©ipJSttS^i / fe4 ( ©-cft 5, 

Jfct:, &««2tt-5o©i>x-M©rt© 1 ttZ&iUlfplzXs 7)VJ>&M%T 

1 1 2oo*cojast i «rH©»«ia*ff ofegi, ^x-^^r^^tb^-rfc 8 



WO 00/12786 PCT/JP99/04651 

19 

t i o#©w e t mitziT-otzo mnm&. mm®® cop *w%tzrztb%® 

^0. 1 3 /zmW±0C OPmSStfa) Lfc, 

2 #-5oGD ^ x — tz * 5 ltfe£|iUi0& 

k^ct. &mmm%T 1200 •cosst? 1 ish 1 0 #©$M£tr z 5 
Lxm^htz v^~;\izb mmizmm^m 3 Mm# u -y j. 0. 13/z 

i:COPffl^-fX4«fi«SiiTU4^ t/W *tt«±ISIJBi:&* 0 . 13// 

copfcfi&fifc-rs&stf^scfcAJfj*. 

*fl {3 ^ x %«3tfc©->x-^K«a»fbKi: Lt 5s 10, 20nm© 

^> 5 OXffHftTtf 1 2 0 0 1 l$m©|(kffl.a£fT&?&£< Hflftfcfrx 

-^&*p*^ai$-r(z s o o-cwTosac^ai-racii:* < , auu 1 2 0 

0'C<DS®T- 3 0#©we tRftfcff &ofe 0 



WO 00/12786 PCT/JP99/04651 

20 

®*Bl&Lrz'>x--/\$i®<Dmitmmi*Ztl%® 600nmt;:&o?^fc# x Z\ 

cji^^i-MDiisfi 3 jummm Ltz'&. mmmi tpjat, 

-rO;b*^>^-4fflnt^tl:J;D, 0. 1 3 wmttlC C 0 P&&£ n- 
$1 Lfzo ^OfcSH, ±X<D*?*-->\XC 0 PM(i 1 . 0 y/cm 2 «TT-$ofe. 

© -is ^ <t um®itm%Bi& u 1 2 o o "co^ft^«is^©>j7x-A^ 

S©8HMb!$©*£ # 3 0 0 nmlUffl 6 0 0 nmT-fe§yij3>>ji-;\©C 

omZZ 3 0 0 nmaittm^ Hfflffl C 0 P £ <KMfbll££ff;> it-a- 
il §SC£:##*>.5 0 

fe?mmm®m#, i6p P ma (jeida) x& zunanrnm i tmt 
&i*xB\z±vc>ixf Z cz<>*~;s (mnziz ±vm%, mmv-rtjiL) &m 

^X, A r 1 0 0 %mm%T 1 2 0 0 °CT- 4 0 ^ T ~ ~)l £ fir H , fa^X dry 
0 2 3 0 Ar7 0y 0 £DS^«Xfl 2 0 0 ^ T 2 0 »H7 = -^*ff ofc* 
<0t, H 2 1 0 0%S1MT 1 2 0 1 ^Sl7--;^fTot^x-;\t:o 

i*Xs cop®mjs±vmibmmi£ftvkzitmLizo z.zxitT-- ) \ / ptbx 

IBttagfflVERTEX3*ffl^, ^-^©ft bAftS^f* 8 0 0 V t U 

^L£&Mffi©C0 PM£^ COPltCliKLA/Tenco 
ra«SPl;<-yo*i*«l||IK A££0. 0 9**m«±©LPD 
( Light Point Defect) SCOPfcbt**> Hft, 



WO 00/12786 PCT/JP99/04651 

21 

< tt>%2 5 vmzx'izm&xmzmmz copii 

£1.3 Vlcm 2 WT ( 4 0 0 ^/8Of ^x-;UH) K f £ -5 d J; # fc 

So 

£5£T', C O P ZmnZKifr, fcavWi^W ^^tl^iSMLi: < n 
0. 0'9 //m*i»0iM Xfctt/J\£*££ fctf-cs $„ 

9Mffit£E (TZDB (Time Zero Dielectric Breakdown) & £ T D D B (Time 
Dependent Dielectric Breakdown)) <DM%.$£%Zw LTt>3 0 

;:t07fl)TZDBgS$tli N ^- h $HbH/? 2 5nm, y-Mi8m 
m 2 , fij %.m$i m 1 m A/cm 2 , ISC^ffTT, SHbfllWffitf 8 M V/cm W±£ 

Mi, h- iHbfliJlf 2 5 nm, 7- h ®i« 4 mm 2 , ^ *»Jt^S 0.01 

A/cm 2 , SiSC^ftf, SHbHUiBJEtf 2 5 C /cm 2 W±££-T £ -feO&^Si: b 

127, 8 0gS*^ M*>e>'>& < £t>®£ 5 >um$-ecD^MT*fi, TZD 

b, tddb«c8o %u±<D&&mi)mm£mt>nx^zz tvwz. 

^ffi^ 3 , it&py 3 xm ^tz t>^- >\ tm-ikftx 31 1 ±tf & c z 
'^ffl^t, 1200, 1150, 1100, 1 0 5 0 °c© 4 *^os^,ass 

fcfcHT* A r 1 0 0%fHaTf4 0»7 = -^i.ff^, IS^T dr y 0 2 3 0 %, 
Ar 7 0 %©jg£# ^fSfflMT-C 2 0 # 637 fcfr o % CD £ % Ar 1 0 
0%#BfiT, 1 2 0 0-Cf 1 IPJ7--i^'fjof^i^|:o^r, 
5|mff«Ufc*ffifflCOP»8*tt«Lfcf*3i*ia9 £^?- 0 
£©i|j;t), iai>t>g$5 J ura©jiia(;^^t 1 2 0 0°C, Ar7--;i/ffl 
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